Neonates, especially when premature and of low birth weight, have an increased susceptibility to infection.' 2 The basis of this infectious tendency has been the subject of considerable investigation and has been attributed to defects in both humoral and leucocyte defence mechanisms.' The relative importance of these different defects is not clear, but defective neutrophil function is probably an important factor.' 2 Despite considerable investigation, however, there continues to be controversy concerning the precise neutrophil defect(s) present.3-22 This controversy may be attributable partly to the widely different techniques and organisms used but may also be a consequence of the incompleteness of many studies.
By means of an accurately reproducible wholeblood technique2324 we have been able to study neutrophil migration, phagocytosis, and killing in autologous and control plasma with very small volumes of blood. This technique enables simultaneous assessment of these three aspects of neutrophil function in premature infants and at the same time avoids any artifact25 attributable to the leucocyte separation step used in most previous studies.
In an attempt to clarify the present controversy concerning neutrophil function, a serial study of neutrophil migration, phagocytosis, and killing was performed in 22 of a series of 27 premature infants by means of a whole-blood technique.
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PATIENTS
The subjects consisted of 27 premature infants of birth weight less than 1'5 kg. They had a modal gestation age of 30 (range 27-34) weeks and a modal birth weight of 1200 (range 812-1400) g.
Five infants were studied only once, but the other patients were tested sequentially on two to 11 occasions. Testing was carried out at weekly intervals from as soon after birth as possible until discharge home. Patients who improved rapidly were often discharged after six to eight weeks. Therefore this study of inpatients resulted in the selection, after approximately eight weeks, of either less-well premature infants or infants ofparticularly low birth weight.
NORMAL CONTROLS
In all instances the patient result was compared with that of a normal adult control run on the same day in an identical fashion. In addition, cord blood from 12 normal full-term neonates was studied, and the results were found to be comparable with those obtained in adults.
Defective neutrophil function in low-birth-weight, premature infants 1 ml with Hanks's balanced salt solution. For each neutrophil function the test result was expressed as a ratio (fraction) of the normal adult control result run concurrently.
HAEMATOLOGICAL PARAMETERS
The haemoglobin and nucleated-cell count were measured on a Coulter S counter, and the absolute neutrophil count was derived by scoring the percentage neutrophils in a 100-cell differential count. The haemoglobin ranged from 8-1 to 19-2 g/dl, while the neutrophil count was between 0-55 and 26-7 x 109/1.
STATISTICAL METHODS
The paired t test, one sample t test, and Pearson correlation techniques were used.
Results

NEUTROPHIL MIGRATION
The mean neutrophil migration in 103 samples from 27 neonates was 0-76 ± 0-28 when measured in autologous plasma (Fig. 1) , which was not significantly different (p = 0-35) from control plasma (0-78 + 0-21). There was, however, a highly significant reduction in migration between neonates and adult controls (p < 0 001). To exclude the possibility that this result was attributable to repeated testing of patients with particularly reduced migration, all tests on each patient were combined, the mean was taken, and the analysis was performed again. The reduction in migration, compared with adult controls, was again highly significant (0-70 ± 0-20 and 0-75 ± 0-16 for autologous and control plasma respectively; P < 0-001).
The neutrophil migration in cord blood from fullterm babies was not significantly different (0-94 ± 0-14, p > 01) from that of adult controls (100 + 0 12). Table 1 gives the results obtained according to the postnatal age of the premature infant. Migration was significantly impaired (p always <0-01) during the first and second weeks and from week 7 onwards; the latter was probably due to selection of particularly ill or immature infants. Considerable variation in neutrophil migration was observed among the different patients tested sequentially. Of the 10 patients tested on four or more occasions, three improved and became normal after six to 13 weeks. In six of the remaining cases, no particular trend could be identified, neutrophil migration remaining substantially normal or persistently low. In one case, all functions fell to low levels shortly before death (Fig. 2) .
NEUTROPHIL UPTAKE
In 92 samples from the 27 premature infants (Fig. 1) adult controls (p < 0-001). The means for individual patients were reanalysed as before, and uptake was again significantly reduced (p < 0-001) in both autologous (0-85 + 0-18) and control (0-86 ± 0-16) plasmas. Candida uptake in normal neonates was not significantly different from that observed in adult controls (1-03 ± 0-12, p > 0-2; control 1-00 ± 0-08). Although uptake was significantly reduced in the whole group when patients were analysed according to the period after delivery, significantly reduced uptake (p < 0-01) was observed only from day 57 onwards (Table 2 ).
Eight patients were tested sequentially on four or more occasions. In three patients, neutrophil uptake remained substantially normal; all had uncomplicated postnatal periods. In three, progressive impairment of phagocytosis was observed; two of these patients continued to make uninterrupted progress, but one died after a prolonged period of respiratory acidosis (Fig. 2) . In the two remaining patients, uptake fluctuated but did not correlate with the clinical state.
Al-Hadithy, Addison, Goldstone, Cawley, and Shaw Neutrophil killing was normal until 10 weeks after delivery (Table 3) , but in the small group of six patients studied after this period reduced killing was observed; two of these patients were very ill and one of these died. Neutrophil killing in full-term infants was normal compared with adult controls (0 99 ± 0-12, p > 0-8; control 1-00 ± 0-16).
Eight cases were examined sequentially on four or more occasions; in five of these, killing was always within 20 % of normal, and four made uncomplicated clinical progress. In two, killing was normal, but then became reduced; in one this occurred immediately before death (Fig. 2) , while in the other patient re- Defective neutrophilfunction in low-birth-weight, premature infants duced killing recurred at times of intravenous cannula infections. In one patient, consistently increased killing was observed; this patient was an uncomplicated premature infant.
CORRELATION BETWEEN MIGRATION, UPTAKE, AND KILLING
Although the significance-of-correlation test seemed to indicate some correlation between migration and uptake (p < 0-01, r = 0 27), the actual plots of the data showed a very large residual variance. There was no correlation between migration and killing (p = 0-17 and r = 0X1) or between phagocytosis and killing (p = 0-04, r = 0-22).
The correlation between tests performed in autologous and control plasmas was highly significant (for migration, r = 0-62 and P < 0-00001; for uptake, r = 0*79 and P < 0-00001; for killing, r = 0 66, p < 0-00001).
CORRELATION BETWEEN NEUTROPHIL FUNCTION AND HAEMOGLOBIN
There was no correlation between the haemoglobin levels and either neutrophil migration (p = 0-2, r = 0'1) or neutrophil killing (p = 0-025, r = 0 24).
However, there was significant correlation between haemoglobin level and phagocytosis (p < 0-001, r = 041).
Discussion
The present study showed a consistent reduction in non-directed neutrophil migration in premature infants, especially during the first two weeks of extrauterine life. Migration was similarly reduced in both autologous and control adult plasmas, and the defect is therefore attributable to an intrinsic abnormality of the neutrophil. Non-directed migration does not seem to have been studied previously in premature, low-birth-weight infants but it has been reported to be normal in full-term neonates.13 Directed migration (chemotaxis) has received more attention, and most studies have shown reductions, not corrected by control plasma, in both full-term'0 131617 22 and premature infants.18 22 In the premature infants considered as a group, neutrophil phagocytosis was significantly reduced. Uptake was similarly reduced in the presence of autologous and control plasmas, and is, therefore, presumably the result of an intrinsic neutrophil phagocytic defect. In contrast, most previous studies of neutrophil phagocytosis in premature infants have yielded normal results,8 15 Serial testing of neutrophil function showed evidence of improved uptake and migration after one and two weeks respectively. Uptake improved to normal levels, but migration remained somewhat impaired. After eight weeks there was evidence of deterioration in both these functions. After 10 weeks killing also appeared to be reduced. At these later postnatal ages there was a selection of sick or particularly low-birth-weight infants. Impairment of neonatal neutrophil function under stress conditions has been well described,8 1418 21 and the selection of sick patients after eight weeks probably accounts for the deteriorating function we observed at this time. Serial study of individual patients lent support to this explanation.
No previous studies have investigated simultaneously migration, phagocytosis, and killing in full-term or premature neonates, and the correlation between these functions is therefore of some interest. Our study showed a possible weak correlation between migration and uptake, but there appeared to be no relationship between migration and killing or between phagocytosis and killing.
Since anaemia in young children has been reported to be associated with impaired bactericidal activity,26 we examined the relationship between haemoglobin level and neutrophil function. There was no correlation between haemoglobin level and either migration or killing, but reduced haemoglobin levels were associated with reduced phagocytosis. Such reduced phagocytosis may account for the impaired bactericidal activity observed by Srikantia et al. 26 in anaemic children.
The biochemical basis of the impaired migration and phagocytosis but normal killing that we have demonstrated in the neutrophils of premature infants requires further investigation, but these abnormalities, together with the range of metabolic disturbances previously described,1 provide ample evidence for a defect of neutrophil host-defence in premature infants. 
